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SEED POTATO PRODUCTIVITY AFTER
COOLING, SUPERCOOLING, OR FREEZING

By Howard W. Hruschka, Market Quality Research Division, Agricultural
Marketing Service; Robert V. Akeley, Crops Research Division, Agricultural
Research Service; Edward H. Ralph, University of Delaware; Richard L.
Sawyer, Cornell University; and Allen E. Schark, ARS.

SUMMARY

Low holding temperatures before planting did not adversely affect productivity from
seed potatoes unless actual freezing symptoms appeared. This was demonstrated in split

split -plot tests (see page 7) using 15, 840 seed pieces in 480 rows 25 to 30 feet long.

The certified seed grown in Maine and the Red River Valley of North Dakota and Min-
nesota was stored and treated in Beltsville, Md., and planted in Delaware, New York
(Long Island), and Maine.

The potatoes were never below 40° F. prior to treatment. Treatments were: (1)
40° F. continually (standard); (2) 30° F. 1 day (cooling); (3) 30° F. 10 days (cooling); (4)

25° F. 1 day (supercooled without freezing); and (5) 25° F. 1 day (freezing symptoms
evident). Following treatment, all potatoes were warmed to and held at 50° for 2 weeks
to start sprouting.

Little difference resulted from planting cut or whole seed pieces. Also, little dif-

ference between varieties was found in total emergence and tuber growth time. Yields
from the four varieties differed, however, and were in the following order, from highest
to lowest: Red Pontiac, Katahdin, Pungo, and Irish Cobbler.

Emergence, tuber growth time, total yields, and U.S. No. 1 (size) yields were lower
in lots subjected to 25° F. than in standard lots only when seed pieces had freezing symp-
toms (treatment 5). Low temperatures (30° F. or 25° F.), even below the potato freezing
point, did not reduce emergence, growth, or yields when no freezing symptoms appeared.

BACKGROUND

Loads of seed potatoes have been rejected at destinations in potato-growing areas by
receivers when some of the bags contained potatoes frozen in transit. Some receivers be-
lieve that if part of a lot of potatoes is frozen, the remaining potatoes are damaged and
unsuited for seed even though no visible symptoms appear. If unwarranted, this rejection
is unfair to shippers and carriers. It also inconveniences receivers and growers who
must find other lots of seed to plant. If justified, protective practices can be adopted by
shippers, carriers, and handlers to provide temperatures well above freezing (4, 5, 6). 1

Reports on this problem are contradictory. Published papers report: (a) Reduced
yields only from seed potatoes showing freezing or low temperature injury symptoms (3,

14); (b) reduced yield from cooled or supercooled seed potatoes, whether or not freezing
symptoms appear ( 11 , 12); (c) normal growth from symptom-free supercooled seed po-
tatoes (8); and (d) increased vitality and yield from supercooled seed potatoes (7, 14).

Vaughn and Miller (1CJ) say, "Do not plant potatoes which show freezing injury". Other

Underscored figures in parentheses refer to Literature Cited, page 14.

- 3 -



authors (1, 3, 14) state that potatoes showing slight freezing or low-temperature injury
may be used for seed. Reported yields from seed potatoes stored or transported cold
were lower than those from seed potatoes in which sprouting had been started by storing
or transporting the potatoes warm (9, 13). This difference in yields was eliminated by
warming the cold potatoes so they sprouted before planting.

Since previous reports are contradictory, large-scale tests were undertaken to get
information on cooling, supercooling and freezing injury of four varieties of potatoes
commonly used for seed.

MATERIALS AND METHODS

Potatoes

About a ton of Red Pontiac certified seed potatoes were shipped from the Red River
Valley and about a ton each of Irish Cobbler, Pungo, and Katahdin from northern Maine.
The potatoes from East Grand Forks, Minn. , arrived at Beltsville, Md. , October 26,

1959, and those from Aroostook County, Maine, arrived November 17, 1959. The pota-
toes had never been below 40° F. They were normal and free of vascular and other dis-
coloration from low-temperature or freezing injury.

Pre-treatment and Post-treatment Handling

At Beltsville, two sizes of potatoes were selected from each variety, (1) from 1-7/8
to 2 inches in diameter (2 -ounce size) for planting whole, and (2) over 2-1/2 inches in

diameter (over 4-ounce size) for cutting into 2 -ounce seed pieces before planting. The
few intermediate -sized potatoes were discarded. The potatoes were then randomized and
divided into the various samples and each sample was put into a labeled 50 -pound-size
burlap bag. The samples were held at 40° F. (85-95 percent relative humidity) in posi-
tions within the storage room based on the plot design, and grouped by planting State and
replicate. Seed for planting whole and for planting after cutting were layered alternately
at random. Samples for the five treatment temperatures were placed at random within
each layer.

In the spring of 1960, the samples in each treatment were removed from 40° F.
storage on a schedule allowing for differences in treatment time to permit simultaneous
planting of all samples in any one State. After treatment, all samples were held at 50° F.
(85-95 percent relative humidity) for about 2 weeks until planting, to warm the potatoes
and initiate sprouting.

Thus all seed potatoes were held at 40° F. from harvest until treatment and about
2 weeks at 50° after treatment, and had at least a trace of sprouting at planting time.

Treatments

Temperature treatments were chosen to simulate some conditions possible during
storage, handling, and loading, or during truck, rail, or boat transit and while loaded
vehicles are stopped at loading, unloading, or switching terminals.

The five temperature treatments, all at 85 to 95 percent relative humidity, were:

1

.

Held only at 40 ° F. Standard
2. Held 1 day at 30° F Cooled
3. Held 10 days at 30° F Cooled
4. Held 1 day at 25° F Supercooled without freezing
5. Held 1 day at 25° F Freezing symptoms produced



In treatment 4, potatoes were supercooled at 25° F. andthen warmed to 50° without ice
formation in the tissues. Neither internal nor external freezing symptoms were found in these
gently handled samples (fig. l). In treatment 5 also, potatoes were held at 25° F. for 1 day.
However, 6 hours before removal, each bagged sample was jarred by six repeated 1-foot
drops onto a concrete floor to initiate freezing. No bruising was evident; however, ice
formation started and progressed 6 hours, or until removal from 25 F. Practically all

tubers planted from treatment 5 had internal, external, orbothtypes of freezing symptoms,
such as blackening of vascular tissues or sunken, crater-like areas on tuber surfaces
(fig. 2). No freezing symptoms appeared in potatoes given treatments 1, 2, 3, or 4.

BN - 14222

Figure 1. --Seed potatoes supercooled at 25 °F. and then warmed to 50 °F. No freezing nor freezing symptoms
occurred (treatment 4).

X
BN - 14223

Figure 2. — External sunken crater-like area and internal freezing necrosis in seed potato held at 25° F. and jarred to initiate

freezing (treatment 5).
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After storage, treatment, and warming, all samples were inspected. Decayed or
completely frozen, leaky tubers were discarded. Only tubers a farmer might plant were
retained. While mushy or decayed tubers were discarded, firm tubers from treatment 5

showing internal black freezing symptoms and external sunken-area freezing symptoms
were used for planting.

Planting

The samples were moved by station wagon from Beltsville, Md. , to each of the three
State agricultural experiment station farms. Two-ounce pieces were cut from the larger
tubers the day of planting. Two-ounce cut pieces and two-ounce whole seed were then
planted in four replications of a split split-plot design of 160 single-row plots in each
State, with varieties as whole plots, cut or whole seed pieces as split plots, and tempera-
ture treatment as the second split. This design permits analyses of the several factors
and gives the temperature comparison the greatest precision.

Climate, local preference, and available land dictated different planting schedules in

the three States. Planting was done at Georgetown, Del., March 30, I960, using 30 seed
pieces per row in rows 25 feet long and 36 inches apart; at Riverhead, N. Y. , April 19,

i960, using 33 seed pieces per row in rows 27-1/2 feet long and 34 inches apart; at

Presque Isle, Maine, May 17, 1960, using 36 seed pieces per row in rows 30 feet long and
36 inches aparto In all three States, seed pieces were placed 10 inches apart in the rows.
Local commercial growing practices were followed in each State, The plantings in Dela-
ware and New York were irrigated while the planting in Maine was not.

Emergence and Harvest

When 25 percent of the seed pieces in any row showed above-ground sprouts, emer-
gence counts for the planting in the State were made. Counts were repeated at about weekly
intervals thereafter until they stabilized, averaging near 95 to 100 percent of seed pieces

planted.

Tops were killed August 10 in Delaware, August 1 5 in New York, and September 5

in Maine, for harvest August 16, October 6, and September 19. The differences in time
from killing to harvest were due to local conditions. At harvest, tubers were sorted by
size into U.S. No. 1 and undersize (culls).

RESULTS
Emergence, growth, and yield data are summarized in table 1 and figure 3.

Summaries by States showing the statistical basis for conclusions are included in the

appendix (tables 2, 3, and 4). Since the trends in each State generally parallel the statisti-

cal differences in the combined data, the results are discussed from the combined data.

All differences are based on the 5 percent significance level.

Total Emergence

Sprouts emerged above ground from 98.4 percent of all seed pieces planted. Average
total emergence from seed pieces for any cutting, variety, temperature treatment, or
State was over 95 percent. Statistically significant differences were found only between
temperature treatments. Fewer seed pieces (96. 6 percent) from treatment 5 (partly

frozen) produced above-ground sprouts than seed pieces from any of the other four treat-
ments (average 98. 5 to 99. 2 percent).



TABLE 1.—Effect of cutting, variety, temperature treatment, and planting State on

emergence, time for tuber growth, and yield from seed potatoes 1

Item
Total

emergence
Tuber 2

growth time
Total yield

per acre

Average3

Planting State4

Delaware
New York (Long Island)

Maine

Seed Pieces 5

Whole
Cut

Variety 6

Red Pontiac
Katahdin
Pungo
Irish Cobbler

Temperature Treatment 7

1 - 4-0° F. only (standard)
2 - 30° F. 1 day (cooled)
3 - 30° F. 10 days (cooled)

4 - 25° F. 1 day (supercooled)
5 - 25° F. 1 day (partly frozen)

^ercent Days Cwt

.

98.4 46.8 375.7

98.8 a 42.5 a 435.1 b

98.4 a 50.7 c 440.8 b

98.0 a 47.2 b 250.1 a

98.7 a 46.5 a 377.0 a

98.1 a 47.1 b 374.4 a

99.1 a 47.1 b 451.0 (

97.6 a 44.8 a 366.5 c

98.0 a 47.6 b 354.0 b

99.0 a 47.8 b 331.3 a

99.2 b 47.0 b 375.2 b

99.0 b 47.2 b 383.5 c

98.9 b 46.5 a 379.9 be

98.5 b 47.0 b 376.8 be
96.6 a 46.3 a 363.1 a

1 Letters in table represent Duncan Multiple Range Test Significance Values at 5$ level-
Averages followed by same letter are not significantly different. Averages followed by no
letters in common are significantly different. Comparisons are valid only in vertical
columns within each item group.

Based on average time per row from tuber initiation to death of plants.
Each figure is average of 480 rows.
Each figure is average of 160 rows

.

Each figure is average of 240 rows.
Each figure is average of 120 rows.
Each figure is average of 96 rows.

Tuber Growth Time

Since the time required for emergence varied among the various treatments, the

plants differed in productive growing time from tuber initiation (about 40 days after emer-
gence) to killing of the vines, which period is called "tuber growth time. " (Z)

Tuber growth time differed significantly in the 3 States. In Delaware, it averaged
42. 5 days; in Maine, 47. 2 days; and in New York, 50. 7 days.

Plants from cut seed had significantly longer tuber growth time than those from
whole seed, but this difference did not consistently affect yields.

The Katahdin variety had fewer growing days than the other three; however, it out-
yielded two of them.



TOTAL YIELD FROM COLD -TREATED

SEED POTATOES, CWT/ACRE

TREATMENTS
*

YIELDS

25°F 1 DAY FREEZING 8 HRS 363 a*

40»F ONUT STANDARD 375 fe

25 °F TDAY SUPERCOOLING 377 be

30°F 10 DAYS COOLING 380 be

30°F 1 OAY COOLING 384 e
-

;

POTATOES STORED AT 40°F BEFORE TREATMENT,

2 WEEKS AT 50° AFTER TREATMENT

5% DUNCAN MULTIPLE RANGE TEST LETTERS

YIELDS WITH SAME LETTER NOT SIGNIFICANTLY DIFFERENT

YIELDS WITH NO LETTERS IN COMMON ARE SIGNIFICANTLY DIFFERENT

Figure 3
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Tubers in rows planted from treatment 5 (partly frozen) potatoes and from treatment
3 (cooled 10 days) had significantly fewer growing days than did those from treatments 1,

2, and 4.

Total Yield

Total yields averaged higher in Delaware and in New York than in Maine. The low
yields in Maine resulted from an exceptionally dry season with no irrigation. Delaware
and New York plantings were irrigated. Differences in available water apparently affected
yields more than differences in growth time.

There was no statistically significant difference in yield due to cutting of seed.

Total yields from the four varieties differed significantly. Ranked from highest to
lowest yielding varieties were Red Pontiac, Katahdin, Pungo, and Irish Cobbler.

Plantings from treatment 5 (partly frozen) seed pieces produced a significantly lower
yield than plantings from any of the other four treatments (fig. 3). Plantings from treat-
ment 2 (30° F. , cooled 1 day) yielded significantly higher than those from treatment 1

(standard, 40°). Plantings from treatment 3 (30°' F. , cooled 10 days) and treatment 4

(25 F. , supercooled) yielded higher than those planted from the standard treatment, but
the differences were not significant. Yield differences between treatments were not large.

U.S. No. 1 (Size) Yield

Grading for U.S. No. 1 was based on size only (
1 -7/8-inch minimum). Yields of U.S.

No. 1 potatoes closely paralleled total yields, averaging about 30 hundredweight per acre
lower.

DISCUSSION

These tests were conducted in three widely separated growing areas, using different

regional cultural practices with or without irrigation. Weather differed also. The con-
sistent results and the size and the design of the tests add to the reliability of the findings.

While the literature on previous tests and observations seems contradictory, the contra-
diction is mainly between the conclusions drawn rather than between actual test data and
observations made. The present work is in essential agreement with data and observations
previously reported by others from smaller tests.

Some apparent, suspected damage may be due to planting cold, dormant seed rather
than to cold damage or freezing damage. Warming seed to start sprouting before planting

could benefit growers (13)*

Supercooling and rewarming seed potatoes (without freezing) did not reduce stand or
yield. Thus carlots, trucklots, and storage lots of potatoes, suspected of being super-
cooled below the freezing point of potatoes, should not be moved until warmed. Moving
such lots while supercooled may cause freezing damage.

Emergence and yields from seed potatoes were not adversely affected by short ex-
posure to freezing or near -freezing temperatures (as they may be subjected to during transit
in cold weather or during short, sudden drops in storage temperatures), unless the
potatoes were actually frozen and freezing symptoms appeared.

Short exposure without freezing did not reduce emergence, and actually increased
yields slightly. This statement is not meant as a recommendation for chilling seed pota-

toes before planting as a commercial practice; rather, it serves to emphasize that

growers need not be concerned about suspecting damage if no symptoms show.

- 9 -



Freezing symptoms in injured potatoes are visible externally or internally, or they
appear within a few hours after cutting. If a lot is suspected of containing frozen potatoes,
only those showing actual freezing necrosis symptoms need be discarded. The rest can be
planted without fear of loss.

In times of severe shortage, even those potatoes with slight freezing necrosis can be
planted with expectation of good, but reduced, yields.

10



TABLE 2. --Total emergence averages and analysis of variance for cutting, variety, and temperature treatment effects
on seed potatoes planted in Delaware, New York (Long Island), and Maine 1

Item Delaware

*

New York 2
Maine 2 Combined 2

States

Average emergence

Overall average 3

Seed pieces:*
Whole
Cut

Variety: 5

Red Pontiac
Katahdin
Pungo
Irish Cobbler

Temperature treatment: 6

1. - 40° F. only (standard)
2. - 30° F. 1 day (cooled)
3. - 30° F. 10 days (cooled)
4. - 25° F. 1 day (supercooled).
5. - 25° F. 1 day (partly frozen)

Number Percent

29.66 a 98.8

29.70
29.61

99.0
98.7

29.82 a

29.45 a 98
29.58 a 98
29.78 a 99

99.4
98.2

29.78 a

29.72 a

29.72 a

29.59 a

29.47 a

99.3
99.1
99.1
98.6
98.2

Number

32.48 a

32.64 a
32.31 a

32.68 a

32.40 a

32.18 a

32.65 a

32.75 b

32.81 b
32.78 b

32.47 b

31.56 a

Percent

98.4

98.9
97.9

99.0
98.2
97.5
98.9

99.2
99.4
99.3
98.4
95.6

Number Percent

35.29 a 98.0

35.38 a 98.3
35.20 a 97.8

35.58 b 98.8
34.72 a 96.5
35.22 ab 97.8
35.65 b 99.0

35.62 b 99.0
35.41 b 98.4
35.41 b 98.4
35.44 b 98.4
35.59 a 96.1

Number

29.52

29.61 a

29.43 a

Percent

98.4

1.7

1.1

29.72 a 99.1
29.28 a 97.6
29.39 a 98.0
29.70 a 99.0

29.75 b 99.2
29.68 b 99.0
29.67 b 98.9
29.54 b 98.5
28.98 a 96.6

Variance

'

Analysis of variance
Source of variation

Replicate
Variety

Error (a)

Cut
Cut x variety

Error (b)

Temperature
Temperature x variety
Temperature x cut
Temperature x variety x cut.

Error ( c

)

Coefficient of variation. . .

.

.423 NS
1.223 NS
.917

.306 MS

.256 NS

.385

.500 NS

.379 NS
1.025 NS

.412 NS

.454

2.27

.783 NS
2.217 NS
.900

4.225 N.

!

6.842 »-*

.938

8.928 *-»

2.691 *-*

4.272 **

2.493 »*

1.019

3.15

1.506 NS
7.123 *

1.067

1.406 NS
3.323 *

.760

5.166 **

2.149 *-

1.297 NS
.755 m:

'.

1.088

.610 NS State
1.561 NS Variety
.222 NS State x

variety
.962 Rep x State

x variety

.968 NS
1.174 NS
.355

2.263**
.634 NS
.286 NS
.299 NS
.341

1.97

Letters in table represent Duncan Multiple Range Test Significance Values at 5$ level. Averages followed by same
letter are not significantly different. Averages followed by no letters in common are significantly different. Com-
parisons are valid only in vertical columns within each item group and horizontally within overall average between
States.

Based on 30, 33, and 36 seed pieces per row in Delaware, New York, and Maine, respectively. Readings adjusted to
30 before combined calculations.

3 Each State figure is average of 160 rows (combined 480 rows)
4 Each State figure is average of 80 rows (combined 240 rows)
5 Each State figure is average of 40 rows (combined 120 rows)
6 Each State figure is average of 32 rows (combined 96 rows)
7 NS - nonsignificant; * - statistically significant at 5% level; ** - statistically significant at 1$ level.
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TABLE 3.—Tuber growth time, averages and analysis of variance for cutting, variety, and

temperature treatment effects on seed potatoes planted in Delaware, New York (Long Island),

and Maine 1

Item Delaware New York Maine Combined States

Tuber growth time

Overall average 2

Seed pieces 3

Whole
Cut

Variety^
Red Pontiac
Katahdin
Pungo
Irish Cobbler

Temperature treatment 5

1 - 4-0° F. only (standard)
2 - 30° F. 1 day (cooled)
3 - 30° F. 10 days (cooled)
4 - 25° F. 1 day (supercooled)..
5 - 25° F. 1 day (partly frozen)

Days

42.5 a

4-2.5 a

42.5 a

43.0 b

41.6 a

-43.0 b
42.5 b

42.5 a

42.8 a

42.5 a

42.7 a

42.3 a

Days

50.6 C

49.9
51.4

50.8 b
48.4 a
51.8 c

51.4 be

51.2
51.4
50.5
50.3
49.7

b
ab

a

Days

47.2 b

47.0 a

47.5 a

47.4 b
44.6 a

47.9 b
49.1 c

47.4 be
47.6 c

46.6 a

47.9 c

46.8 ab

Days

46 .8

46 5 a
47 1 b

47 1 b
44 8 a

47 6 b
47 .8 b

47 b
47 .2 b

46 5 a

47 ,0 b

46 3 a

Variance 6

Analysis of variance
Source of variation

Replicate
Variety

Error (a)

Cut..,

Cut x variety
Error ( b

)

Temperature
Temperature x variety
Temperature x cut
Temperature x variety x cut.

Error ( c

)

Coefficient of variation. . .

4.706 NS
19.356 *

3.151

.056 NS
1.756 NS
1.265

1.047 NS
1.247 NS
1.072 NS
.564 NS
.985

2.33

.756 NS
97.006 *~*

2.201

88.506 **

3.773 *

1.040

15.884 **

1.584 NS
4.928
3.570
1.601

NS

2.50

1.556 NS
141.106 **

2.734

13.806 NS
11.006 **

1.740

9.725 **

2.742 NS
3.994 NS
1.485 NS
1.975

2.97

678.5 ** State
57.8 ** Variety
6.5 NS State x

variety
2.7 Rep x State

x variety

12.0 *

1.4 NS
1.5

3.59 **

.73 NS

.74 NS

.68 NS

.50

1.50

1 Letters in table represent Duncan Multiple Range Test Significance Values at 5% level.

Averages followed by same letter are not significantly different. Averages followed by no
letters in common are significantly different. Comparisons are valid only in vertical
columns within each item group and horizontally within overall average between States.

2 Each State figure is average of 160 rows ( combined - 480 rows )

.

3 Each State figure is average of 80 rows (combined = 240 rows).
4 Each State figure is average of 40 rows (combined = 120 rows).
5 Each State figure is average of 32 rows (combined = 96 rows).
6 NS - nonsignificant; * - statistically significant at 5$ level; ** - statistically

significant at 1$ level.
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TABLE 4. —Total potato yield averages and analysis of variance for cutting, variety, and temperature treatment effects

on seed potatoes planted in Delaware, New York (Long Island), and Maine 1

Delaware 2 New York 2 Maine 2

Combined 3 States
Item

Per row Per acre Per row Per acre Per row Per acre
per acre

Average total yield
Pounds

74.9 b

74.5 a

75.3 a

95.3 b

68.7 a

69.0 a

66.6 a

74.1 a

77.1 a

76.0 a
74.8 a

72.6 a

Cut.

435.1

432.9
437.2

553.6
399.0
400.8
386.8

430.4
447.6
441.2
434.3
421.6

Pounds

78.8 b

79.6 a

78.1 a

89.5 c

81.2 b

74.9 ab
69.8 a

79.4 a

79.5 a

80.5 a

79.6 a

75.3 a

Cwt.

440.8

445.2
436.5

500.4
454.0
411.8
390.2

443.8
444.6
450.2
444.8
420.9

Pounds

48.9 a

49.2 a

48.7 a

58.4 b

48.1 a

46.8 a
42.4 a

49.1 a

49.8 a

48.5 a

49.1 a

48.2 a

Cwt.

250.1

252.1
249.5

299.4
246.7
239.7
217.3

251.6
255.1
248.7
251.5
247.2

Cwt.

375.7

Seed pieces: 5

377.0 a

374.4 a

Variety: 6

451.0 d

366.5 c

Temperature treatment: 7

1. - 40° F. only (standard)

2. - 30° F. 1 day (cooled)

3. - 30° F. 10 days (cooled)

4. - 25° F. 1 day (supercooled)..

5. - 25° F. 1 day (partly frozen)

354.0 b

331.3 a

375.2 b

383.5 c

379.9 be

376.8 be

363.1 a

Variance 8

Analysis of variance
Source of variation

Replicate
Variety

Error (a)

Cut
Cut x variety

Error (b)

Temperature
Temperature x variety
Temperature x cut
Temperature x variety x cut.

Error (c)

Coefficient of variation. . .

.

196.9 NS
7451.6 **

724.9

22 1 NS
10 4 NS

72

94 2 NS

25 7 MS

54 8 NS
28 9 MS
41 1

6.38

199.9 NS
2886.4 **

213.5

96 9 NS
88

101
7
9

NS

134 NS
55 2 NS
44 NS
81

1

7 »

42 6

8.26

386.4 NS
1839.5 **

158.7

10 1 NS
41 2 NS

16 8

11 3 n, ;

16 NS
8 .5 NS
5 8 NS

15

7.92

469450.2 ** State

82035.2 ** Variety

7412.2 ** State x
variety

365.7 Repx State

x variety

216.0 MS
819.1 #•

164.4

1437.0 * *

335.5 NS
421.0 NS
302.3 *

143.5

3.20

1 Letters in table represent Duncan Multiple Range Test Significance Values at 5$ level. Averages followed by same

letter are not significantly different. Averages followed by no letters in common are significantly different. Com-

parisons are valid only in vertical columns within each item group and horizontally within overall average between
States.

2 Row length and spacing were: For Delaware, 25-foot rows spaced 36 inches apart; for New York, 27 l/2-foot rows

spaced 34 inches apart; for Maine, 30-foot rows spaced 36 inches apart.
Row yields converted to yield per acre before combining.
Each State figure is average of 160 rows (combined = 480 rows)
Each State figure is average of 80 rows (combined = 240 rows)
Each State figure is average of 40 rows (combined = 120 rows)
Each State figure is average of 32 rows (combined = 96 rows)
NS - nonsignificant; * - statistically significant at 5% level; ** - statistically significant at 1$ level.

- 13 -



LITERATURE CITED

(1) Gussow, H. T., and Tucker, J.

Undated. Potato Diseases. Canada Dept. Agr. Poster, 1 p. , illus.

(2) Hartman, J. D.
1934. Studies of the Effects of Storage Temperature on the Propagation Value of

Potato Tubers. Cornell Univ. Agr. Exp. Sta. Mem. 168, 39 p. , illus.

(3) Hillborn, M. T. , and Bonde, R.
1942. A New Form of Low-Temperature Injury in Potatoes. Amer. Pot. Jour.

Vol. 19, No. 2, p. 24-29, illus.

(4) Hruschka, H. W.
1959. Protecting Maine Potatoes from Freezing, Overheating, and Bruising

During Rail Transit. Maine Agr. Expt. Sta. Misc. Rpt. 89, 28 p., illus.

(5) Hruschka, H. W. , Hansen, J. C. , and Findlen, H.
1960. Protection of Chipping Potatoes from Low Temperatures During

Transportation by Truck. U.S. Dept. Agr. Mktg. Res. Rpt. 431, 20 p. ,

illus.

(6) Hruschka, H. W. , Smith, W. L. , Toko. H. V., and Akeley. R. V.
1959. Healing Precut Potato Seed Pieces During Transit. U.S. Dept. Agr

AMS 334, 24 p. , illus.

(7) Hurst, R. R. , andMacLaren. H. L.
1934. Some Observations on the Sprouting Habits of Potato Tubers Exposed to

Low Temperatures. Amer. Pot. Jour. Vol. XI, No. 5, p. 123-7.

(8) McKay, R. , and Clinch, P.
1941. Freezing Injury to Potato Tubers. J. Dept. Agr. Eire 38, p. 367-73, illus.

(9) Smith, O.
1937. Influence of Storage Temperature and Humidity on Seed Value of Potatoes.

Cornell Univ. Bui. 663, 31 p., illus.

(10) Vaughan, R. E. , and Miller, M.
1919. Freezing Injury to Potato Tubers. Wisconsin Univ. Agr. Ext. Serv. ,

Circ. 120, 4 p. , illus.

(11) Wallace, E. R.
1935. Yield Results from Chilled Seed Potatoes. Agr. Inst, and Exp. Sta.

Kirton, England. J. Min. Agr. 41, p. 956-964.

(12) Wallace, E. R. , and Barker, J.

1933. The Effect of Freezing on the Yield of Seed Potatoes. Rpt. Food Invest. Bd.
Lond. 1933, p. 82-83.

(13) Werner, H. O. , Ryall, A. L. , and Lutz, J. M.
1950. Effect of Storage and Transit Conditions on the Performance of Nebraska-

Grown Triumph Seed Potatoes Shipped in Carlots to Texas and Alabama.
Nebraska Univ. Agr. Expt. Sta. Res. Bui. 164, 94 p. , illus.

(14) Wright, R. C. , Peacock, W. M. , and Lombard, P. M.
1929. Influence of Freezing of Seed Potatoes on Viability and Yield. U.S. Dept.

Agr. Tech. Bui. No. 119, 10 p. , illus.

14 -
* U.S. GOVERNMENT PRINTING OFFICE 1966 — 212-782






